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Description 

I 

i 

I 

CONDUCTIVE COMPOSITION, CONDUCTIVE PAINT, AND METHOD OF 

t 

FORMING CONDUCTIVE PAINT 

TECHNICAL FIELD 

I The present invention relates to a conductive composition for use as a conductive 
papte, a conductive paint, or a conductive adhesive or the Uke, a method of forming a 
conductive paint using this conductive composition, and a conductive paint obtained by 
this formation method, wherein the conductivity of the obtained conductive film is 

significantly enhanced, so that the conductivity thereof becomes close to that of metallic 

i 

siljver. 

i 

BACKGROUND ART 

A representative example of conventional conductive pastes is silver paste, 
ob^ned by mixing flake-like silver particles with, for example, a binder composed of a 
thermoplastic resin such as an acrylic resin or polyvinyl acetate, or a thermosetting resin 
such as an epoxy resin or a polyester resin, as well as a solvent, a curing agent, and a 
catalyst and the like. 

This silver paste is used widely as a conductive adhesive and a conductive paint 
in yarious electronic equipment, electronic components and electronic circuits. 
Furthermore, flexible circuit boards with electrical circuits formed by printing this silver 
paste, using a screen printing method, onto a plastic film such as a polyethylene 
terephthalate film, can be used as printed circuit boards in keyboards and various 
switches and the like. 
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When used, this silver paste is appHed to the target using any of various devices, 
and either allowed to dry at room temperature or heated to approximately 120°C, to form 
a conductive paint. 

The volume resistivity of a conductive paint formed in this maimer varies 
depending on the film forming conditions, but is typically within a range from 10"^ to 10" 
^ Q cm, which is 10 to 100 times the volume resistivity of metallic silver at 1.6 x 10"^ 
Q cm, and as such, the conductivity of such a conductive paint is nowhere near that of 
metallic silver. 

hicluded amongst the reasons that this conductivity is so low are the fact that 
within a conductive paint obtained from silver paste, only a portion of the silver particles 
are in physical contact, and so there is a low number of contact points, the fact that there 
is contact resistance at the contact points, and the fact that the binder remains positioned 
between some of the silver particles, and this binder inhibits direct contact between the 
silver particles. 

One way of improving this low conductivity is to apply the silver paste to the 
target^ and then heat the target to approximately 800*^0, thus removing the binder by heat 
while melting the silver particles, so that the silver particles fuse and form a uniformly 
continuous metallic silver coating. The volume resistivity of a conductive paint formed 
in this manner is approximately 10"^ Q cm, giving the coating similar conductivity to 
metallic silver. 

However, with such a method, the target is limited to heat resistant materials such 
as glass, ceramics and enamel which can withstand heating at high temperatures. 

Furthermore, with the flexible circuit boards mentioned above, the line width of 
the electrical circuits formed on these circuit boards is required to be as narrow as 



possible, but with conventional silver pastes, because the silver particles are in flake form 
with a particle diameter of 50 to 100 ^im, it is theoretically impossible to print at a line 
width narrower than the particle size of the flaked silver particles. 

Moreover, it is also a requirement that even with the narrowed line width of the 
electrical circuit, sufficient conductivity must still be provided, and in order to satisfy this 
requirement, the electrical circuit needs to be considerably thick. However, thicker 
electrical circuits are difficult to deposit a film, and there is an additional disadvantage in 
that the flexibility of the electriced circuit itself is also greatly reduced. 

Accordingly, an object of the present invention is to provide a conductive 
composition capable of producing a conductive paint with a low volimie resistivity and a 
high conductivity comparable to that of metallic silver, without depending on high 
temperature film forming conditions, and which when forming electrical circuits on a 
flexible circuit board or the like, can be formed with a sufficiently narrow line width, 
without needing to be formed overly thickly. 

i 
I 
I 

DISCLOSURE OF INVENTION 

i 

In order to achieve this object, a conductive composition of the present invention 
comprises a particiilate silver compound and a binder. Furthermore, the conductive 
composition of the present invention may comprise a particulate silver compoimd, a 
reducing agent and a binder. As the particulate silver compound, one or more of silver 
oxide, silver carbonate and silver acetate is used. The average particle diameter of this 
particulate silver compound is within a range from 0.01 jim to 10 |j.m. 

As the binder, one or more of a polyvalent phenol compound, phenol resin, alkyd 
resin, polyester resin and epoxy resin can be used. This binder preferably also exhibits a 
reducing action. In addition, a fine powder of a thermoplastic resin such as polystyrene 



or polyethylene terephthalate with an average particle diameter within a range from 20 
nm to 5 jam may also be used as the binder. 

; As the reducing agent, one or more of ethylene glycol, diethylene glycol, 
triethylene glycol and ethylene glycol diacetate can be used. 

The viscosity of the conductive composition of the present invention is within a 
range from 30 to 300 dPa sec. 

A method of forming a conductive paint of the present invention comprises the 
steps of applying the conductive composition, and performing heating, preferably at a 
temperature within a range from 140 to lOC^C. 

A conductive paint of the present invention is obtained by the above formation 
method, wherein the silver particles are fused together, and the volume resistivity is 
preferably no more than 3.0 x 10"^ n-cm. 

BEST; MODE FOR CARRYING OUT THE INVENTION 
As follows is a detailed description of the invention. 

i 

i The particulate silver compoimd used in a conductive composition of the present 
invention is a solid particulate compound which reduces to become metallic silver imder 
simple heating, or heating in the presence of a reducing agent. 

Silver oxide, silver carbonate and silver acetate are specific examples of such a 
particulate silver compound. A mixture of two or more of these compounds may also be 
used. An industrially produced particulate silver compound can be used as-is, used 
follo>ving classification, or used following grinding and subsequent classification. 
Furthermore, a particulate silver compound obtained by the liquid phase method 
mentioned below may also be used. 



The average particle diameter of this particulate silver compound is within a 
range from 0.01 to 10 |Lim, and can be selected appropriately in accordance with the 
conditions of the reduction reaction, for example, the heating temperature, the presence 
of a reducing agent, and the reducing power of the reducing agent. The use of a 
particulate silver compound with an average particle diameter of no more than 0.5 |jm 
provides a particularly fast reduction reaction, which is preferable. Furthermore, a 
particulate silver compound with an average particle diameter of no more than O.S [im 
can be produced by a liquid phase method in which a silver compoxmd and another 
coppound are reacted together, for example, a method in which silver nitrate and an 
alkali such as sodium hydroxide are reacted together to form silver oxide. In this case, a 
dispersion stabilizer is preferably added to the solution to prevent coagulation of the 
pn^cipitated particulate silver compoimd. 

Furthermore, it is possible to obtain a particulate silver compovmd with an 
avierage particle diameter of no more than 0.1 pm by performing centrifugation of the 
dispersion liquid obtained by the above liquid phase method, and trapping the particles 
which have an average particle diameter within a range from 0.01 to 0.1 ^mi. The 
conditions of centrifugation may include 40,000 revolutions or more, and a time of 
approximately 30 minutes, for example. 

The binder used in the present invention protects the obtained conductive paint, 
while providing flexibility, and therefore has a different function from the binders 
blended with conventional conductive pastes. 

Examples of suitable binders include one or more resins selected from a group 

consisting of polyvalent phenol compounds, phenol resins, alkyd resins, polyester resins 

i 

and epoxy resins. 



I Furthermore, the binder is preferably a resin or compound from the above group 

! 

which either itself exhibits a reducing action, or has oxidation polymerization properties, 
so that during heating, it reduces the particulate silver compound while undergoing 

i 

polynierization itself By choosing such a binder, the quantity of reducing agent added 
can be reduced, or alternatively, the need for a reducing agent may eliminated altogether. 
Examples of binders which have such a reducing effect are polyvalent phenol compounds, 
phenol resins and alkyd resins. 

1 When using a thermosetting resin which does not have oxidation polymerization 
properties, an imcured resin and a curing agent or catalyst for curing the resin are used. 

I In addition, a fine powder of a thermoplastic resin, for example polystyrene or 
polyethylene terephthalate, with an average particle diameter within a range from 20 nm 
to 5 pin, can also be used as the binder, in powder form. 

I When a binder formed from such a fine powder of a thermoplastic resin is used, 

1 

the po,wder melts under the heat generated during heating, and fills the gaps between the 
silver coating produced when the particulate silver compound is reduced, and the surface 
of the !target. This improves the adhesion of the produced conductive paint. 

; The quantity of binder used relative to 100 parts by weight of the particulate 
silver Compound is typically within a range from 0.2 to 10 parts by weight, and 
preferably from 0.5 to 5 parts by weight. At quantities less than 0,2 parts by weight, 
there is no blending effect, whereas if the quantity exceeds 10 parts by weight, then the 
resistance of the obtained conductive paint increases. 

The reducing agent used in the present invention reduces the particulate silver 
compound mentioned above, and preferably generates a gas or a highly volatile liquid as 
the by-product of the reduction reaction, which does not remain within the produced 
conductive paint. Specific examples of reducing agents with such properties include one 



or more of ethylene glycol, diethylene glycol, triethylene glycol and ethylene glycol 
diacetate. 

_ The qxiantity of reducmg agent used relative to 1 mol of the particulate silver 
compound is typically no more than 20 mol, and preferably within a range from 0.5 to 10 
mols, and more preferably from 1 to 5 mols. Taking the reaction efficiency and the 
volatilization caused by the heating process into consideration, quantities exceeding an 

equimolar quantity are preferred, but any reducing agent added in excess of a maximum 

i 

20| ols is wasted. 

I Furthermore, a dispersion medium is used to disperse or dissolve the particulate 

silyer compound and the binder, or the particulate silver compound, the reducing agent 

I 

and the binder, thus producing a liquid conductive composition. Dispersion media which 
can be used include alcohols such as methanol, ethanol and propanol, as well as 
isophorone, terpineol, triethylene glycol monobutyl ether, and butyl cellosolve acetate 

and the like. 

I 

Furthermore, if the reducing agent is in liquid form, and is capable of dispersing 
or dissolving the particulate silver compoimd and the binder, then the reducing agent may 
also function as the dispersion medium, and an example of a reducing agent with such 
properties is ethylene glycol. 

The choice of dispersion medium and the quantity used differ depending on the 
particulate silver compound, the binder, and the film forming conditions, for example, 
when screen printing, factors such as the size of the mesh of the press plate used or the 
fineness of the printing pattem, and can be adjusted appropriately for optimum film 
forming. 

Furthermore, when added, the dispersion medium preferably favorably disperses 
the particulate silver compound with an average particle diameter of no more than 1 ^im. 
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thus preventing secondary aggregation of the particulate silver compound. Examples of 
such a dispersion medium are hydroxypropyl cellulose, polyvinylpyrrolidone and 
polyvinyl alcohol, and the quantity used is typically within a range from 0 to 300 parts by 
weight relative to 100 parts by weight of the particulate silver compoimd. 

In a first example of a conductive composition of the present invention, the 
particulate silver compound and the binder described above are dispersed in a dispersion 
medium. Furthermore, a dispersant may also be added according to need. The 
particulate silver compound used in this example preferably has a small average particle 
diameter of no more than 1 jam, as this allows the reduction reaction to proceed faster. 

: Furthermore, the viscosity of the conductive composition in this example varies 
depenjding on the film forming conditions, and in the case of screen printing for example, 

is preferably within a range from approximately 30 to approximately 300 dPa-sec. 

i 

Furthermore, the method of using the conductive composition of this example involves 

simply applying the conductive composition to the target using appropriate means, and 

i 

then heating the resuhing structure. The heating temperature is typically within a range 
from 180 to 200°C, and the heating time is from approximately 10 seconds to 

approximately 180 minutes. 

i 

■ In a second example of a conductive composition of the present invention, a 
particulate silver compoimd, a reducing agent and a binder are dispersed or dissolved in a 
dispersion medium. In this example, as with the first example, a dispersant may be 
addedias needed. The average particle diameter of the particulate silver compound used 
in this example need not be small, and there are no particular restrictions provided the 

average particle diameter is within a range from 0.01 to 10 (xm, as the presence of the 

I 

reducing agent means the reduction reaction proceeds smoothly even with particles 
greater than 1 |im. 



Furthermore, the viscosity of the conductive composition of this example also 
varies depending on the film forming conditions, and in the case of screen printing for 
exiample, is preferably within a range from approximately 30 to approximately 300 
dPasec. 

The method of using the conductive composition of this example involves simply 
applying the conductive composition to the target using appropriate means, and then 
heating the resulting structure. Due to the presence of the reducing agent, the heating 
temperature can be lower than the previous example, and is typically within a range from 
140 to 160**C, and the heating time is from approximately 10 seconds to approximately 
180 minutes. 

In either example, it is of course necessary for the surface of the target to be clean. 

j In the conductive paint of the present invention obtained in this manner, the 

t 

reaction heat generated when the particulate silver compovmd is reduced causes the 
precipitated metallic silver particles to melt and ftise together, thus forming a continuous 

! 
1 

thin coating of metallic silver. 

i 

I Furthermore, because the binder either fills the gaps in the woven structure of the 
silver particles, or covers the surface of the coating, or fills in the gaps in the silver 
cokting and the target surface, the addition of the binder does not cause the volume 
resistivity of the obtained conductive paint to increase. Furthermore, the presence of the 
binder protects the surface of the conductive paint, improves the mechanical strength, has 
a favorable effect on the flexibility of the coating itself, and produces a coating with good 
adhesion to the substrate. 

Consequently, the value of the volume resistivity of a conductive paint of the 
present invention falls within a range from 3 x 10"^ to 8 x 10"^ Q cm, which is 
approximately the same volume resistivity as metallic silver. 



Furthermore, because the average particle diameter of the particulate silver 
comppimd is within a range from 0.01 to 10 |im, a line width of less than 10 |Lim can be 
achieved for an electrical circuit formed by printing the conductive composition onto a 
substrate, and because the conductivity of the circuit itself is extremely high, there is no 
need to increase the thickness of the circuit. As a result, circuits can be formed easily, 

and the circuits themselves are highly flexible. 

! 

: In addition, because temperatures of between 180 and lOO^^C or between 140 and 

160°G d . 2 sufficient as the heating temperature used when forming the conductive paint, 

! 

the coating can be applied to target objects with low heat resistance such as plastic films, 
and a highly conductive paint can be formed without causing heat deterioration of the 
target object. 

; In addition, because the volume resistivity of the obtained conductive paint is 
extremely low, adequate conductivity can be obtained even when the coating is 
extremely thin, and even coatings with thickness values of approximately 0.1 |am are 
feasible. Furthermore, the surface of the obtained conductive paint presents a metallic 
silver mirrored surface with good luster, and is therefore suitable for use in household 
and industrial applications as a highly reflective mirror, and can be used, for example, as 
the reflecting mirror in the resonator of a laser device. 

Specific examples are shown below, although the present invention is not limited 
to the examples presented below. 

(Example 1) 

An aqueous solution was prepared by dissolving 0.17 g of silver nitrate in 50 ml 
of ion exchange water, and then dissolving between 0.05 and 0.5 g of hydroxypropyl 
cellulose (a dispersant) in the resulting solution. 0.9 to 5 ml of a 1 M aqueous solution of 
sodium hydroxide was then added dropwise to this aqueous solution v^th constant 
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stirring, and the resulting solution was stirred for 10 to 30 minutes to form a silver oxide 
suspension. 

Subsequently, the silver oxide was washed several times using methanol to 

remove excess ions, thus yielding an aqueous dispersion of silver oxide with a particle 

I 

diameter of no more than 0.5 ^un. 

A binder and a reducing agent were then added to this dispersion to prepare a 
conductive composition in the form of a paste. 

! 

I The following four types of binder were used. 

i 

B-1 : A powder of a phenol resin 4,4'-((2-hydroxyphenyl)methylene)bis(2- 
methylphenol) with an average particle size of no more than 20 ^xm was used. This resin 

has a melting point of 141 °C, undergoes oxidation polymerization readily, causing the 

j 

reduction of the particulate silver compound to proceed effectively, while undergoing an 

I 

increase in molecular weight itself. 

B-2: A phenol resin, a powder with an average particle diameter of no more than 
20 (im, which has a reducing effect on the particulate silver compoimd. 

i 

B-3 : A powder was used, comprising an epoxy resin "YDCl 3 12" (melting point 
138 to HS^'C, epoxy equivalence 170 to 185) manufactured by Toto Kasei Co., Ltd. as 
the main component, mixed with diaminodiphenylmethane (melting point 89°C, amine 
value 49.6) as a curing agent, and ground up to an average particle diameter of no more 
than 20 ^m. 

B-4: An alkyd resin "Hariphthal SL-280" (type of oil: linseed oil in liquid form) 
manufactured by Harima Chemicals, Inc. was used. This resin has oxidation 
polymerization properties, and enables reduction of the particulate silver compoimd and 
polymerization of the resin itself to proceed simultaneously. 
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S The quantity of binder added was constant, at 0.78 parts by weight per 100 parts 
by weight of the silver oxide particles solid fraction. 

Ethylene glycol was used as the reducing agent, and the quantity added was 

i 

expressed in parts by weight relative to 100 parts by weight of the silver oxide particles 
solid fraction. 

: A pattern with a width of 5 mm, a length of 50 mm and a thickness of 3 to 8 \im 
was formed using each conductive composition, by screen printing onto a polyethylene 
terephthalate film with a thickness of 0. 1 mm, and the resulting product was then heated 

for 0.^ to 3 hours in an oven at 150°C. 

! 

! The volume resistivity of each obtained conductive film was measured, and the 

i 

state of the surface was observed using a scanning electron microscope. 

I 

In addition, for comparison, the results are also shown when using a 
commercially available silver paste ("FA-353" made by Fujikura Kasei Co., Ltd.). 
I The results are shown in Table 1. 



Table 1 



Test number 


1-1 


1-2 


1-3 


1-4 


1-5 


Binder type 

j 


B-1 


B-2 


B-3 


B-4 


Commercially 
available paste 


Quantity of reducing 
agent added 




75 


75 






Volume resistivity 
(Qcm) 


No more than 
9x 10*^ 


No more than 
9x 10"^ 


No more than 
9x 10-^ 


No more than 
2 X 10"^ 


At least 
4 X 10"^ 


Presence of fusion 
between silver particles 


yes 


yes 


yes 


partial 


no 
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From the results in Table 1 it is apparent that each of the conductive compositions 
in |tests 1-1 through 1-4 produces a favorable conductive paint with a low volume 

resistivity compared to the commercially available silver paste. 

1 

I 

(Example 2) 

Silver oxide with a variety of different average particle diameters, produced using 
the liquid phase method of Example 1, was used as the particulate silver compound, and 
to tb's silver oxide was added ethylene glycol as the reducing agent, at a ratio of 75 parts 
by weight per 100 parts by weight of the silver oxide particle solid fraction, and a fine 
poiwder of polystyrene (PS) or polyethylene terephthalate (PET) with one of a variety of 
average particle diameters as the binder, at a ratio of between 0.78 and 2.36 parts by 
weight per 100 parts by weight of the silver oxide particle solid fraction, thus producing a 
conductive composition in the form of a paste. 

A pattem with a width of 5 mm, a length of 50 mm and a thickness of 3 to 8 ^m 
was formed using each conductive composition, by screen printing onto a polyethylene 
terephthalate film with a thickness of 0. 1 mm, and the resulting product was then heated 
for 0.5 to 3 hovirs in an oven at 150°C. 

The volume resistivity of each obtained conductive film was measured, and the 
state of the surface was observed using a scanning electron microscope. 

The results are shown in Table 2- A and Table 2-B. 
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Table 2-A 



Test number 


2-1 


2-2 


2-3 


2-4 


2-5 


Average particle 
diameter of silver oxide 
(^m) 


0.25 


0.25 


0.25 


0.25 


1.5 


Binder type 


PS 


PS 


PS 


PS 


PS 


Average particle 
diameter 


28 nm 


28 nm 


28 nm 


200 nm 


200 nm 


Quantity added 
(parts by weight) 


0.78 


1.57 


2.36 


0.78 


1.57 


Volume resistivity 
(Qcm) 


6.0 X 10-^ to 
1.0 X 10-^ 


7.0 X 10^ to 
1.3 X 10"^ 


8.0 X 10-^ to 
1.9 X 10'^ 


6.0 X 10"^ to 
1.0 X 10"^ 


7.0 X 10"^ to 
1.3 X 10'^ 


Presence of fusion 
between silver particles 


yes 


yes 


yes 


yes 


yes 



Table 2-B 





Test number 


2-6 


2-7 


2-8 


2-9 


2-10 


dii 


Average particle 
uneter of silver oxide 

(^im) 


5 


10 


0.25 


1.5 


5 


Binder type 


PS 


PS 


PS 


PET 


PET 


Average particle 
1 diameter 


200 nm 


20 nm 50% 
200 nm 50% 


200 nm 


1 ^m 


1 |im 


' Quantity added 
; (parts by weight) 


2,36 


1.57 


0.78 


1.57 


2.36 


Volume resistivity 
(Qcm) 


8.0x IQ-^to 
1.9 X 10"^ 


7.5 X 10"^ to 
1.5 X 10"^ 


6.0 X 10-^ to 
1.0 X 10"^ 


8.0 X 10-^ to 
1.4 X 10-^ 


8.8 X 10-^ to 
2.0 X 10"^ 


Presence of fusion 
between silver particles 


yes 


yes 


yes 


yes 


yes 



From the results in Table 2-A and Table 2-B it is apparent that each of the tests 2- 
1 through 2-10 produces a favorable conductive paint with a low volume resistivity 
compared to the commercially available silver paste. 
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(Example 3) 

Silver oxide vsdth a variety of different average particle diameters, produced using 
the liquid phase method of Example 1, was used as the particulate silver compound, and 
to this silver oxide was added a total of 75 parts by weight of a reducing agent 
comprising either one or two of ethylene glycol (EG), diethylene glycol (DEG), 
triethylene glycol (TEG) and ethylene glycol diacetate (EGDA) per 100 parts by weight 
of the silver oxide particle solid fraction. In addition, B-1 from Example 1 was added as 
a binder, at a ratio of 1 .1 parts by weight per 100 parts by weight of the silver oxide 
particle solid fraction, thus producing a conductive composition in the form of a paste, 
i A pattern with a width of 5 nmi, a length of 50 nmi and a thickness of 3 to 8 |im 

i 

was formed using each conductive composition, by screen printing onto a polyethylene 
terephthalate film with a thickness of 0.1 mm, and the resulting product was then heated 
for 0.5 to 3 hours in an oven at 1 50**C. 

i 

I The volume resistivity of each obtained conductive film was measured, and the 

1 

state of the surface was observed using a scanning electron microscope. 
• The results are shown in Table 3. 
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Table 3 



Test number 


3-1 


3-2 


3-3 


3-4 






Average particle 
diameter of silver 
oxide (^m) 


0.25 


0.25 


0 25 


1 C 




ft 9^ 


(blending quantity) 


• 


- 


- 


32.5 


32.5 


- 


(blending quantity) 


75 


- 


- 


32.5 




- 


TEG 
(blencfing quantity) 




75 






32.5 




:EUDA 
(blending quantity) 






75 








Volunie resistivity 
(Q-cm) 


7.2 X 10"^ to 
9.5 X 10"*^ 


8.0 X 10"^ to 
1.6 X 10 "^ 


8.0 X 10-^ to 
1.5 X 10"^ 


9.0 X 10"^ to 
1.3 X 10"^ 


8.0 X 10-^ to 
1.8 X 10"^ 


8.3 X 10-^ to 
1.7 X 10"^ 


Presence of fusion 
between silver 
particles 


yes 


yes 


yes 


yes 


yes 


yes 



! 



From the results in Table 3 it is apparent that each of the tests 3-1 through 3-6 
produces a favorable conductive paint with a low volume resistivity compared to the 
commercially available silver paste. 

(Example 4) 

Silver oxide wdth a variety of different average particle diameters, produced using 
the liquid phase method of Example 1, was used as the particulate silver compound, and 
to this; silver oxide was added ethylene glycol as a reducing agent, at a ratio of 75 parts 
by weight per 100 parts by weight of the silver oxide particle solid fraction. In addition, 
B-1 from Example 1 was added as a binder, at a ratio of 1.1 parts by weight per 100 parts 
by weight of the silver oxide particle solid fraction, thus producing a conductive 
composition in the form of a paste. 
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A pattern with a width of 5 mm, a length of 50 mm and a thickness of 3 to 8 |im 
was fomied using each conductive composition, by screen printing onto a polyethylene 
terephthalate film with a thickness of 0.1 mm, and the resulting product was then heated 
for 0.5 to 3 hours in an oven at 150*'C. 

The volume resistivity of each obtained conductive film was measured, and the 
state of the surface was observed using a scanning electron microscope. 

The results are shown in Table 4- A and Table 4-B. 



Table 4- A 



Test number 


4-1 


4-2 


4-3 


4-4 


Average particle diameter 
j of silver oxide' 


0.01 


O.I 


0.8 


1.5 


Volume resistivity 
(Qcm) 


7.0 X 10"^ to 
9.0 X 10^ 


7.0 X 10-^ to 
9.0 X 10-* 


8.0 X 10"* to 

1.2 X 10"^ 


8.0 X 10"* to 

1.8 X 10"^ 


Presence of fusion 
between silver particles 


yes 


yes 


yes 


yes 



Table 4-B 



Test number 


4-5 


4-6 


4-7 


Average particle 
diameter of silver oxide 


5 


10 


15 


Volume resistivity 
(Qcm) 


8.0 X 10"* to 
1.6 X 10"^ 


1.0 X 10-^ to 
2.0 X 10"^ 


4.0 X 10"* to 
6.0 X 10"* 


Presence of fusion 
between silver particles 


yes 


yes 


no 
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From the results in Table 4-A and Table 4-B it is apparent that the conductive 
compositions in each of the tests 4-1 through 4-6 produces a favorable conductive paint 
with a low volume resistivity compared to the commercially available silver paste. 

(Examples) 

: A mixture of one, two or three materials from amongst silver oxide (average 
particle diameter 0.25 |j.m), silver acetate (average particle diameter 5 |im) and silver 
carbonate (average particle diameter 5 jxm) was used as the particulate silver compound, 

i 

and to this particulate silver compound was added ethylene glycol as a reducing agent, at 

I 

a raticj of 75 parts by weight per 100 parts by weight of the particulate silver compound 

I 

solid fraction. In addition, B-1 from Example 1 was added as a binder, at a ratio of 1 .1 
parts by weight per 100 parts by weight of the particulate silver compound solid fraction, 
thus producing a conductive composition in the form of a paste. 

A pattern with a width of 5 mm, a length of 50 mm and a thickness of 3 to 8 ^m 

was formed using each conductive composition, by screen printing onto a polyethylene 

! 

terephthalate film with a thickness of 0. 1 mm, and the resulting product was then heated 
for 0.5 to 3 hours in an oven at 150°C. 

1 The volume resistivity of each obtained conductive film was measured, and the 

state of the surface was observed using a scanning electron microscope. 

1 

! 

! The results are shown in Table 5. 
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Table 5 



Test number 


5-1 


5-2 


5-3 


5-4 


5-5 


5-6 


Silver oxide 
blending quantity 






50 


50 




34 


' Silver acetate 
blending quantity 




100 




50 


50 


33 


Silver carbonate 
blending quantity 


100 




50 




50 


33 


Volume resistivity 
' (Qcm) 


9.0 X 10-^ to 
2.0 X 10*^ 


9.5 X 10-^ to 
1,0 X 10-^ 


8.2 X 10-^ to 
9.3 X 10-^ 


8.3 X 10"^ to 
1.0 X 10"^ 


8.2 X 10-^ to 
1.5x10-^ 


8.6 X 10-^ to 
9.6 X 10*^ 


Presence of fusion 
{between silver 
' particles 


yes 


yes 


yes 


yes 


yes 


yes 



From the results in Table 5 it is apparent that each of the tests 5-1 through 5-6 
produces a favorable conductive paint with a low volume resistivity compeired to the 
commercially available silver paste. 

j (Example 6) 

■ 

Using silver oxide with an average particle diameter of 0.25 nm obtained 
according to the liquid phase method shown in Example 1 as the particulate silver 

i 

compound, to this silver oxide was added ethylene glycol as a reducing agent, at a ratio 
of 75 parts by weight per 100 parts by weight of the silver oxide particle solid fraction. 
In addition, a fine powder of polystyrene (PS) with an average particle diameter of 200 
nm was added as a binder, at a ratio of 1.57 to 2.36 parts by weight per 100 parts by 
weight of the silver oxide particle solid fraction, thus producing a conductive 
composition in the form of a paste. 

A pattem with a width of 5 mm, a length of 50 mm and a thickness of 3 to 8 jxm 
was formed using each conductive composition, by screen printing onto a polyethylene 
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terephthalate film with a thickness of 0.1 mm, and the resulting product was then heated 
for 0.5 to 3 hours in an oven at 190°C. 

The volume resistivity of each obtained conductive film was measured, and the 
state of the surface was observed using a scanning electron microscope. 

The results are shown in Table 6. 



Table 6 



Test number 


6-1 


6-2 


Average particle diameter of 
silver oxide (^m) 


0.25 


0.25 


Binder type 


PS 


PS 


Avbrage particle diameter 
of binder 


200 nm 


200 nm 


1 Added quantity 
(parts by weight) 


1.57 


2.36 


[Volume resistivity 


6.0 X 10-* to 


7.50 X 10-^ to 


(Q'cm) 


1.2 X 10"^ 


1.7 X 10'^ 


Presence of fusion between silver 
particles 


yes 


yes 



I 

From the results in Table 6 it is apparent that even when the heating temperature 
is changed to 190^C, a favorable conductive paint with a low volume resistivity can still 
be obtained. 

: (Example 7) 

To 100 parts by weight of silver oxide particles with an average particle diameter 
of 0.25 \xm were added 1 .57 parts by weight of a fine powder of polystyrene with an 
average particle diameter of 200 nm as a binder, and between 20 and 200 parts by weight 
of ethylene glycol (EG) per 100 parts by weight of the silver oxide as a reducing agent, 
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thvs producing five conductive compositions with viscosities varying fi-om 0.5 to 400 

dPasec. 

i 

I Using each of these conductive compositions, a spiral pattern with a line width of 
0.4 mm X 100 cm was screen printed onto a polyethylene terephthalate film. 

! 

I The printed pattem was observed for bleeding, and inspected for clogging of the 

j 

mesh. 

i 

I The press plate conditions included a Tetron (registered trademark) 250 mesh and 
an! emulsion thickness of 15 |xm. 
^ The results are shown in Table 7. 

I 
i 
j 

; Table 7 





Test number 


7-1 


7-2 


7-3 


7-4 


7-5 




verage particle diameter of 
silver oxide (p-m) 


0.25 


0.25 


0.25 


0.25 


0.25 


1 Binder type 


PS 


PS 


PS 


PS 


PS 


Ayerage particle diameter of 

! binder 

i 


200 nm 


200 nm 


200 nm 


200 nm 


200 nm 


Quantity of silver oxide added 
(parts by weight) 


100 


100 


100 


100 


100 


Quantity of binder added 
(parts by weight) 


1.57 


1.57 


1.57 


1.57 


1.57 


Quantity of reducing agent 

(EG) added (parts by weight) 


200 


150 


75 


40 


20 


I Viscosity (dPasec) 


0.5 


30 


130 


280 


400 


Bleeding in printed pattem 


yes 


o 


O 


O 


Mesh 
clogging 



i 



From the results in Table 7 it is apparent that with the conductive compositions in 
the tests 7-2 through 7-4, a favorable printed pattem was obtained, and there was no 
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clogging of the mesh. From these results it is clear that a viscosity range from 30 to 300 

i 

dPa sec is preferable. 

! 
I 

I 

As described above, a conductive composition of the present invention allows a 
conductive paint with extremely high conductivity to be obtained. Furthermore, because 
the conductive paint is formed by heating at a comparatively low temperature, the 
coating can be applied to target objects with low heat resistance, such as plastics. In 
addition the conductive paint has high flexibility, and also exhibits excellent adhesion to 
the target object. When an electrical circuit is formed from this conductive composition, 
the line width of the electrical circuit can be sufficiently narrow, without needing to be 
formed overly thickly. 

INDUSTRIAL APPLICABILITY 

A conductive composition according to the present invention is used as a 

conductive paste, a conductive paint or a conductive adhesive or the like. Furthermore, 

1 

this conductive composition can also be used to form the electrical circuits on printed 
wiring boards such as flexible printed circuit boards. In addition, a conductive paint of 
the present invention can also be used as a reflective thin fihn with a high reflectance. 



